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Abstract 
(Ti1-xCrx)N thin filmswere deposited with various chromium currents (ICr = 0.4-1.0 A) on Si (100) wafers and glass 
slides by reactive unbalanced magnetron co-sputtering technique without heating and biasing the substrates. The 
effects of sputtering current on the structure and morphology of (Ti1-xCrx)N films was studied. The films were grown 
on the substrates using titanium and chromium targets in a mixed Ar and N2 atmosphere. The structure of the films 
was investigated by x-ray diffraction (XRD). The surface and cross-sectional morphologies of the films were 
examined by atomic force microscopy (AFM) and field emission scanning electron microscopy (FE-SEM), 
respectively. Furthermore, the chemical composition of the films was analyzed using energy dispersive x-ray 
spectroscopy (EDS). The results revealed that the (Ti1-xCrx)N thin films formed solid solutions with the fcc NaCl 
phase and relative Cr content (x) was figured out in the range from 0.46 to 0.81. The crystal sizes of the films 
calculated from Scherrer formula are about 12-13 nm. AFM results indicated increasing of the roughness from 3 to 7 
nm corresponding to the thickness increased from 400 to 900 nm when ICr was increased. In addition, the cross-
sectional morphology showed dense and compact columnar. 

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1. Introduction 
For many years, the binary nitride films have played an important role as hard and decorative coatings. 
These films are widely used in industries for cutting tools, press dies, and decoration parts due to their 
some properties such as high hardness, good wear resistance, and nice color. However, in spite of their 
excellent properties, the films still show inadequate properties for some applications such as high speed 
machining and high temperature. For example, the mechanical properties of TiN and CrN are degraded by 
oxidation during machining process at high temperature above 600 oC and 750 oC [1], respectively. 
Recently, in order to improve properties of the films, the ternary nitride films such as (Ti,Cr)N [2-7], 
(Ti,Al)N [8], (Cr,Al)N [9], and (Cr,Zr)N [10] are gaining greater attention to enhance the mechanical and 
chemical properties at high temperature. Among these films, (Ti,Cr)N has been attracting more attention 
due to its high temperature oxidation resistance, low friction coefficient and high hardness [2-7, 11-13]. 
Actually, these properties depend strongly on the microstructure of the films. Nowadays, the study of the 
depositions of (Ti,Cr)N film have been focused on the influences of the deposition parameters on the 
microstructure [2-4, 12, 14]. 
In this study, (Ti1-x,Crx)N thin films were deposited by reactive unbalanced magnetron co-sputtering 
without heating and biasing substrates to assess the effect of sputtering current on structure and 
morphologies of the films. 
2. Experimental details 
The (Ti1-x,Crx)N thin films were deposited on silicon wafers and glass slides by the homemadereactive 
magnetron co-sputtering system [15], in a mixture of argon (99.999%) and nitrogen (99.999%) 
atmosphere. The high purity titanium (99.97%) and chromium (99.95%) with a diameter of 3 inches and a 
thickness of 0.125 inches were used as the targets. The substrates were ultrasonically cleaned in acetone 
and then in isopropyl alcohol for 10 min in each step and finally dried with N2 gas. The distance from the 
substrate to each target at wall of the chamber was fixed at 13 cm.   
Prior to deposition, the chamber was evacuated by a diffusion pump accompanied with rotary pump to 
a base pressure of 5×10-5 mbar. The targets were sputter-cleaned by Ar gas for 5 min to remove the oxides 
and contaminants on the surface.During deposition, the working pressure was kept constant at 4×10-3 
mbar to prevent unstable system and different deposition rate. The titanium current was fixed at 0.6 A and 
chromium currents were varied from 0.4 to 1.0 A in order to grow films with different chromium content. 
The other deposition parameters used in this study are presented in Table 1. 
Table 1. The deposition parameters of (Ti1-xCrx)N thin films 
Parameters Details 
Target Ti (99.97%), Cr (99.95%) 
Base pressure (mbar) 5×10-5 
Working pressure (mbar) 4×10-3 
Ar flow rate (sccm) 3 
N2 flow rate (sccm) 6 
Titanium current (A) 0.6 
Chromium current (A) 0.4, 0.6, 0.8 and 1.0 
Time (min) 60 
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The structure of the films was investigated by X-ray diffraction (XRD) (Rigagu, Rint 2000) using 
monochromatized CuKĮ radiation at glazing incidence angle (3°). The phases were identified using the 
JCPDS files, and the crystal sizes were calculated from the measured peak width by Scherrer formula. The 
surface morphology of the films was examined by atomic force microscopy (AFM) (Nanoscope IV, 
Veeco Instrument Inc.). The scan area was carried out in an area of 1×1 μm2. Cross-sectional morphology 
of the specimens was observed by field emission scanning electron microscopy (FE-SEM) (Hitachi 
S4700). Finally, the chemical composition of the films was analyzed by energy dispersive x-ray 
spectroscopy (EDS) (EDS 2006 550i analyzer). 
3. Results and discussion 
3.1. Structural analysis 
Figure 1 shows the XRD patterns of the (Ti1-xCrx)N thin films deposited at titanium current (ITi) of 0.6 
A with various chromium currents (ICr) from 0.4 to 1.0 A. It was found that all films with different 
conditions showed strong (111) preferred orientation and the (200), (220) peaks were also detectable. The 
(Ti,Cr)N (111) peak intensities increased with increasing chromium current. The change of peak 
intensities were attributed to the high energy of chromium atoms which received from higher current 
applied to the chromium target. The higher current increases adatom mobility during film formation and 
leads to higher crystallinity of the film. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. XRD patterns of the (Ti1-xCrx)N films deposited with various Cr currents 
In addition, the diffraction peaks gradually shifted toward higher diffraction angles with increasing 
chromium current is indicative of solid solution formation with the fcc NaCl phase. The result was found 
in other researchers, Hones et al. [6] and Lee et al. [16] are also observed the NaCl phase in (Ti,Cr)N 
coatings produced by reactive magnetron sputtering and ion-plating method, respectively. A solid 
solution of the (Ti1-xCrx)N films forms when the Cr atoms replaced Ti atoms within the TiN structure. 
Since the atomic radius of Cr (0.1249 nm) is smaller than that of Ti (0.1445 nm) [17], it was found that 
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the lattice parameters of the (Ti1-xCrx)N films, which were evaluated from eq. 1, decreased gradually with 
increasing Cr content as shown in Fig. 2. Moreover, the lattice parameters of (Ti1-xCrx)N is varied 
between that of TiN and CrN (JCPDS files No. 87-0633, 77-0047). 
 
222 lkhda hkl    (1) 
 
Where a  is the lattice parameter, hkld  is the interplanar spacing and hkl  is the miller indices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Lattice parameters and 2ș of (111) peaks as a function of Cr current in (Ti1-xCrx)N films 
The crystal sizes shown in Table 2 were calculated from the FWHM of the XRD (111) peaks using the 
Scherrer formula, and were found to have values about 12-13 nm. When the chromium currents reach 0.6 
A, the crystal size of (Ti1-xCrx)N films decreases to approximately 12.83 nm. However, further addition of 
Cr currents results in the increase of crystal size. 
Table 2. Crystal sizes of the (Ti1-xCrx)N films as a function of Cr current 
ICr (A) 2 theta (degree) FWHM (degree) Crystal size (nm) 
0.4 36.94 0.659 13.27 
0.6 37.12 0.682 12.83 
0.8 37.22 0.661 13.24 
1.0 37.26 0.659 13.28 
3.2. Surface and cross-sectional morphologies 
The AFM technique was used to study the surface morphology such as roughness and to measure the 
thickness of the films. Figure 3 shows the AFM images of the (Ti1-xCrx)N thin films as a function of Cr 
current. When the Cr current was increased, the coalescence of grains tend to form the bigger pyramid 
shape. The results showed that the root-mean-square roughness (Rrms) and thickness of the films, 
determined by line scan at three different areas, increased with increasing Cr current. The roughness of 
the films were found to have values ranging from 3 to 7 nm and the thickness varied from 400 to 900 nm 
as presented in Table 3. 
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Fig. 3. AFM images of the (Ti1-xCrx)N films deposited at (a) ICr = 0.4 A, (b) ICr = 0.6 A, (c) ICr = 0.8 A, and (d) ICr = 1.0 A 
 
Table 3. Roughness and thickness of the (Ti1-xCrx)N films 
 
ICr (A) Roughness (nm) Thickness (nm) 
0.4 3.409 400.09 
0.6 3.887 557.70 
0.8 6.538 709.49 
1.0 7.092 916.54 
 
Figure 4 represents the FE-SEM cross-sectional images of the (Ti1-xCrx)N thin films with different Cr 
currents. The films show columnar structure which was grown continuously from the substrate to the top 
surface and correspond to the zone 2 according to the Thornton’s structure zone model (SMZ). The 
columns are less defected and are often facetted at the surface. As the result of increased Cr current, the 
diameter of each column is bigger with the average size of about 100 nm. Furthermore, the microstructure 
of the films also shows dense and compact columnar. 
3.3. Chemical composition 
The relative contents of titanium, chromium and nitrogen presented in (Ti1-xCrx)N films were analyzed 
using EDS as listed in Table 4. Cr currents were varied from 0.4 to 1.0 A while the Ti current was fixed at 
0.6 A. The result showed that the nitrogen content decreases slightly towards films with high chromium 
content, indicating a small understoichiometry for Cr-rich films. The Cr content, defined as 
 CrTiCrx  , increased from 0.46 to 0.81 with increasing current on the chromium target. On the 
contrary, the Ti content was found to decrease from 0.54 to 0.19 for the increasing of Cr current from 0.4 
to 1.0 A, respectively. In addition, when the sputtering current of 0.6 A was applied on both targets, the 
content of Cr in the film was higher than Ti due to the higher sputtering yield of chromium. As the 
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results, the films were (Ti0.54Cr0.46)N, (Ti0.36Cr0.64)N, (Ti0.25Cr0.75)N and (Ti0.19Cr0.81)N equivalent to          
x = 0.46, 0.64, 0.75 and 0.81, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. FE-SEM images of the (Ti1-xCrx)N films deposited at (a) ICr = 0.4 A, (b) ICr = 0.6 A, (c) ICr = 0.8 A, and (d) ICr = 1.0 A 
Table 4. Relative contents of Ti, Cr and N in the (Ti1-xCrx)N films as a function of Cr current
ICr (A) Element content (at. %)    CrTiTix  1   CrTiCrx   
 Ti Cr N   
0.4 27.00 23.29 49.71 0.54 0.46 
0.6 18.59 33.39 48.02 0.36 0.64 
0.8 13.41 40.64 45.95 0.25 0.75 
1.0 10.65 45.37 43.98 0.19 0.81 
4. Conclusions 
The (Ti1-xCrx)N thin films were deposited on silicon wafers and glass slides by reactive unbalanced 
magnetron co-sputtering without heating and biasing the substrates at room temperature. The films 
formed solid solutions with the fcc NaCl phase at all Cr contents, and the lattice parameter of the films 
decreased gradually with increasing Cr current. The crystallinity of (Ti1-xCrx)N films increased with 
increasing Cr current. It is assumed that the increase of crystallinity is due to the high energy of adatom. 
The surface roughness and average thickness of the films were increased with higher chromium current. 
The films also show columnar structure in accordance with zone 2. Furthermore, the relative contents of 
chromium in the films were found with values between 0.46d  x d 0.81. 
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